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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

SOME EFFECTS OF SIDE-WALL MODIFICATIONS ON THE
DRAG AND PRESSURE RECCOVERY OF AN NACA
SUBMERGED INLET AT TRANSONIC SPEEDS

By Robert A. Taylor
SUMMARY

Comparative drag and pressure recovery were measured for an NACA
submerged inlet and two side-wall modifications thereof. A common
afterbody and diffuser were used for all tests. The investigation was
conducted over a Mach number range from 0.80 to 1.11 by the use of the
transonic bump in the Ames 16-foot high-speed wind tunnel. Ram-recovery
ratio was measured for mass-flow ratios from 0 to 0.93.

The two modified inlets were generally superior to the standard
inlet from the standpolint of pressure recovery, at the highest test mass-
flow ratios, sbout 0.88.

For the highest test mass-flow ratios, no significant changes in
drag were produced by the modifications for Mach numbers below 1.0, but
smell increases in drag over that of the NACA submerged 1nlet prevailled
at supersonic Mach numbers for the higher angles of attack.

INTRODUCTTION

Ram-recovery contours from previous investigations (references 1
end 2) indicated that vortices formed sbove the diverging ramp walls )
entrained low-energy body boundery-layer alr, and, upon entering the
Inlet, resulted in reduced pressure recovery. It 1s believed that the
vortices are beneficial for thinning the boundery layer along the ramp
floor, but upon entering the air-inductlon system they manifest them-
selves in the form of total-pressure losses. It was reasoned that
increasing the angle between the body contour end ramp wall would reduce
the strength of the remp-wall vortices and displace them outwardly. It
was anticipated that the vortilces, though weskened, would still be of
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sufficient strength to aid in sweeping the submerged inlet boundary-
layer alr out and over the ramp wslls. Also 1t was reasoned that the
displacement of the vortices would result in a smaller part of the ol
vortices being ingested by the induction system. (See fig. 1.)

NOTATION

A duct entrance area 0.40 inch downstream of lip leading edge, ot

square feet . -
H total pressure, pounds per squere foot
M Mach number -
m mass flow (pAV), slugs per second | -
P gtatic pressure, pounds per sguare foot
q dynsmic pressure (%ﬁvz),pounds per square foot T
S - cross-gectional area of half-body, sguare fleet !
v velocity outside the boundary layer, feet per second . .
Cp total drag coefficient. of the inlet and body combination,

drag
including internsl drag
Q028

Hi - Po ram-recovery ratio at the inlet rake

21 ratio of the mass flow through the inlet to the mass flow in
o the free gtream through an aree equal to the inlet aresa

P1AVy
poldVy

angle of attack of the side-inlet model, degrees

e

mass -density slugs per cublec foot . : . -

©
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Subscripts

o] free stream

1 inlet rake station
APPARATUS

A descrivption and photogrsph of the Ames 16-foot high-speed wind-
tunnel bump were presented in reference 2.

Three inlet variations were compared in this investigation: ean
NACA submerged inlet (the same submerged inlet used in reference 1),
and two modifications of this inlet. The same afterbody and diffuser
were used with easch of the three variations. Figure 2 shows the three
bodies with side inlets mounted on the transonic bump. Details and )
dimensions of the three inlets and the accompenying afterbody are given
in figures 3 and 4,

The NACA submerged inlet was modified by increasing the angle
between the ramp floor snd walls. (See fig. 4.) Since these ramp wslls
were warped, no one element angle indicated the angle of wall slope.

For this reason the angle of wall slopé used to define the 1nlets was
taken as the angle between the ramp floor and ramp wall at station 15
which is located at the 1ip leading edge of the duct entrance. The

three inlets wlll hereafiter be referred to as the NACA submerged irnlet,
the 134° inlet, end the 146° inlet. Each wall element for the 134° inlet
was generated by passing a line from the model center line tengent to the
fillets Joining the ramp floor and walls. The wall elements for the

1469 inlet were similsrly generated except that the center line was
transposed 1/2 inch outboard and parallel to ita original position. The
typicel sections shown .in flgure 4 represent this plctorially.

Internal diffusion of the sir began 0.4 inch downstresm fram the lip
leading edge end continued to within 1 Inch of the exit. The entrance
area was 2 square inches measured at a distance of 0.4 ineh from the 1lip
leading edge. The maximum exit area was 3,1l square inches and provi-
sions were made -to vary the exit area by the use of various angular con-
strictions. All models were mounted 0.75 inch from the bump surface to
place the model outside the influence of the bump boundary laeyer.

Between the model and the bump surface an underbody was mounted; the _
underbody had the same profile as the model .adjacent tc the bump and was
fastened to the bump.
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The inlet rake was mounted in the diffuser with the tube openings
2.75 inches downstream from the 1ip leading edge, the net area at this
station being equal. to the entrance areg. The lnlet rake was constructed
so that each of 19 total-pressure tubes was located in the center of an
equal area; 14 static-pressure tubes were Interspaced among the total-
pressure tubes. Mags-flow ratioc snd ram-recovery ratio were camputed
from the inlet-rake data. The total drag of the model was measured bty
a gtrain-gage balance located within the bhump.

TESTS

The four test angles of attack were 0°, 3°, 6°, and 9°. Annular
exit constrictions were used to vary the exit area, thereby varylng the
mesg~-flow ratio. Ham-recovery and mass-flow data for the NACA submerged
inlet were measured for exit-area ratiocs of 1.00, 0.75, 0.25, and O at
0% and 6° angle of attack. For 32 and 9° angle of attack, mess-flow and
ram-recovery data were measured with en exit-ares rstio of 1.00. Ram-
recovery and mass-flow data were meagured at 0°, 3%, 69, and 9° with
exit-ares ratios of 1.00, 0.50, 0.25, and 0 for the two modified inlets.
Exit-area ratio is defined as the ratio of a given exlt area to the maxi-
mun exit ares., Drag was measured for the four sngles of attack wlth the
exit full open throughout the Mach number range.

REDUCTION OF DATA

The ram-recovery ratio at the inlet rake was calculated by the
method described 1In reference 3 wherein the logarithm of total pressure
at each of the 19 tubes iIn the rake was welghted by the mase flow B
through the area aggigned to that tube. The mass-flow ratio was computed
as the gsummation of the mass flows through the 19 assigned aress.

Further discussion of this method of computation may be found in refer-
ence 1, page 9. Ram-recovery and mass-flow ratios presented in the
present report generally could be determined wlthin increments of *0.0l.

Drag coefficlents shown include internal drag but, since the same
afterbody and diffuser were used, the internal drag remsins relatively
constant at any given mass-flow ratio for the inlet configurations tested.
The accuracy of the experimental drag-coefficient data wes estimated to
be £0.005. ' B

The Mach number was determined by the method of reference 2. Mach
number measurements were consistent within #0.01. The actual Mach num-
ber, however, was difficult to determine because of the streamwise Mach
number gradient on the bump. (See reference 2.) Measurement of the
angle of attack was accurate to within approximately 0.1°.

Gl
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RESULTS

The results in this report are presented as follows:

1. Variations of ram-recovery ratios and mass-flow ratios
with Mach number, for comnstant angles of attack

(figs. 5, 6, T)

2. Cross plots of figures 5, 6, and T depleting ram-recovery
ratio as a function of mass-flow ratio (fig. 8)

3. Comparative varistion of increment of ram-recovery ratio
as a function of Mach number (fig. 9)

k. Contours of ram-recovery ratio (fig. 10)

5. Variation of drag coefficient with Mach number (fig. 11)

’

DISCUSSION

Rem-Recovery Ratio

Effect of mass-flow retio.- Curves of ram-recovery ratio as a
function of mess-flow ratioc ror the three inlets (fig. 8) indicate that
the modified versions generally ylelded higher rem-recovery ratlos than
the NACA submerged inlet at the highest test mass-flow ratio, sbout 0.88.
At gbout 0.4 mass-flow ratio the NACA submerged inlet ylelded pressure -
recoveries about the same or greater than those of the ;modified inlets.

The improvement 1n ram recovery resulting from the modifications at
the highest test mass-~flow ratios ig believed to be produced by the out-
ward displacement of the vortices generated by the ramp walls, and the
escape of accumulated ramp-wall boundery layer which passed outside of
the entrance. An inspection of figure 10(a) shows the presence of what
i1s believed to be accumulated boundary layer in the upper and lower
regions adjacent to the ramp side. These phenomena are not apparent in
figures 10(b) and (c) and it was therefore assumed that the modifications
performed thelr design function. As for the displaced vortices, a cam-
varison of the three comtours 10(a), (b), and (c) shows that a decrease
in the size or an outward shift of the low-energy areas sccompanies the
modification of the Inlets. The afore-mentioned areas were located at
the upper asnd lower 1ip side of the inlet.

Effects of Mach number and angle of attack.- Figure 9 shows the ram-
recovery-ratio increments for the two modiried inlets as caompared to the
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NACA submerged inlet at the highegt test mage-flow ratios which are the
more gignificant for practical flight requirements. This comparison
indicated that for all test angles of attack and Mach numbers the two
modified inlets generally ylelded equal or superior presgsure recovery.

Drag

The total-body-drag coefficients for the three inlet configuratlons
are presented in figure 11. For these comparisons the exit was full
open. ’ '

At 0° angle of attack the three inlets had essentially the same
drag and for the other angles of attack there was no increage in drag
for the modified inlets over that of the NACA submerged inlet until
after a Mach number of 1.0 was reached. At supersomic Mach numbers the
drag of the modified inlets was slightly greater than that of the NACA
submerged inlet at the hilgher angles of attack.

There is some doubt a&s to the validity of the method of determining
drag for this Investigation, and for that reason only comparative values
of the drag deta are consldered.

CONCLUSIONS

- 1. For free-stresm Mach numbers below 1.0, a mass-flow ratio of
approximately 0.88, andangles of attack between 0° and 9°, the ream-
recovery ratio of the modified inleta was generally increased over thet
of the NACA submerged inlet.

2. TFor the masgs-flow ratios of sbout 0.88, no significant changes in
drag were produced by the modifications for Mach numbers below 1.0, but
smell increases in.drag accompanied the gains in ram-recovery ratio
resulting from the modifications at superscnic Mach numbers for the
higher angles of attack.

Amesg Aeronsutical Leboratory,
Netional Advisory Committee for Aeronautics,
Moffett Field, Calif.,
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Accumulated
boundary layer Vortices

8oundar)

(e) NACA submerged inlet at station /5.

—>] | Vortex
displacement

N

(b) 134° intet at station 15, REA

Figure |.—Sketch of vartex formation and boundary layer
on the ramp walls and floor of the NACA submerged
inlet! and the /134° inlelt.
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(a) Body with NACA submerged inlet.
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(b) Body with the 134° inlet.

Ve

(c) Body with the 146C inlet.

Filgure 2.— Model of NACA submerged inlel and two modifications mounted e
on the transonic bump 1h the Ames 16—Foot high-gpeed wind tunnel. ;
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Note: Alf dimensions are In inches
unless otherwise specified.

Figure 3—~Dimensions of afferbody and submerged inlet.
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/Secf/on A-A
Fillet

fa} NACA submerged inlel.

Section B-B

(b) 134° inlet.
Parolle! walls

of original
NACA inlet

c.;_l Section 6-C

Station O
Station 15

(e} 146° inlet.

Note: The dimensions for Z are tabulated on figure 2.
The NACA Inlet was modified at each section

as shown by the typical sectfons A-A and B-5.

All dimensions are ininches. W

Figure 4.—Dimensions of the three infef models.
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Figure 5.—Variation of ram-recovery ratio and mass~<¥low ratio with
. Mach number at the inlet rake for the NACA submerged inlet.
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Figure 5.—Concluded.
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Figure 6~Variation of ram-recovery ratio and mass-flow ratio with Mach
number at the inlet rake for the 134°inlet.
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Figure 6.—Concluded.
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Figure 7-Variation of ram-recovery ratio and mass-flow ratio with Mach
number at the inlet rake for the /46°inlet.
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Figure 8.—Variation of ram-recovery ratio with mass-flow ratio for the

three inlets at four Mach numbers and four angles of attack.
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Figure 8.—Continued.
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Figure 8.—Continued.
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Figure 8.—Concluded.
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Figure 9.~Increment of ram-recovery ratio for the modified
inlets over that of the NACA submerged Inlet as a function
of Mooh number for the highest test mass-flow ratios
fabout 0.88).
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Figure 11.—Variation of total-drag coefficient with Mach number for the

three inlets atf four angles of attack. % =0.88.
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